Recently it has been suggested that the role of electron-phonon coupling in the mechanism of ironbased superconductors may have been underestimated and that antiferromagnetism may even have a dramatic amplification effect on electron-phonon coupling. We present an ab-initio theoretical approach that takes into account this amplifying effect of antiferromagnetism together with the abnormal soft out-of-plane lattice vibration of the layered structure, which allows us to calculate theoretical Tc values of LiFeAs, NaFeAs and FeSe as a function of pressure that correspond reasonably well to the experimental values.
The pairing mechanism of the unconventional high-temperature superconductors (HTSC) remains one of the greatest unsolved mysteries of physics. All unconventional superconductors, including cuprates [1, 2] and iron-based HTSC [3, 4] , but also heavy fermions [5] and organic superconductors [6] , have in common that the superconducting phase occurs near a magnetic phase. Furthermore, their phase diagrams typically show at least one other form of electronic order, e.g. charge or orbital order [7, 8] , a pseudogap phase [2] , stripe order [2] or nematic order [9] . It is generally assumed that the Cooper pairing in these superconductors cannot be described within a standard phonon-mediated scenario, and the proximity of the magnetic phases naturally suggests the involvement of magnetism [10] . In most theoretical approaches, spin fluctuations play a leading role [11, 12] . Alternative approaches consider e.g. excitonic superconductivity [13, 14] , longwavelength plasmonic charge fluctuations or orbital fluctuations [15] [16] [17] .
Several studies offered an alternative scenario for iron-based superconductors, suggesting that the role of electron-phonon coupling had previously been underestimated against the antiferromagnetic (AF) background [18] [19] [20] . An explicit DFT calculation by B. Li et al [19] showed that the phonon softening of AFeAs (A: Li or Na) under AF background allows an increase of the electron-phonon coupling by a factor of ~2. While any orthogonal change of the phonon vector can be considered a phonon softening phenomenon, the lattice dynamics studied by S. Deng et al [20] confirmed that out-of-plane lattice vibration amplifies electron-phonon scattering based on their first-principle linear response calculation. S. Coh et al [18] used the ab-initio method to explicitly demonstrate that the out-of-plane lattice dynamics in the AF background increase the electron-phonon scattering matrix by this factor of ~2 (abbreviated as ratio Rph) according to the effect of symmetry. More importantly, they have explicitly shown that the AF spin density wave (SDW) provides additional amplification of the electron-phonon coupling Ee-ph by a further factor of 2 (abbreviated as ratio RSDW), which prevents the cancellation of wave-functional contributions between the two Fe atoms in the primitive unit cell. In Figure 1 we have reproduced their sketch illustrating the spatial dependences of the amplitudes of spinpolarized electron orbitals in the nonmagnetic and AF states. Coh et al showed using the example of the collinear AF case that the amplitude of the spin-polarized wave function  l (r) occurs mainly at the position of only one of the two iron atoms in the primitive unit cell, while the corresponding  l (r) is transferred to the position of the second Fe atom. This differs from the non-magnetic state in which both spin-polarized states are present with the same amplitude at the position of both Fe atoms. When atoms vibrate around their equilibrium position, the effective potential is changed accordingly, which leads to an enhancement of the electron-phonon coupling matrix elements, so that the electronphonon coupling becomes 2Ee-ph at the occupied position for a particular spin orientation [18] . In the AF state, the electron wave function vanishes for a specific spin state at the Fermi level at one of the Fe atoms, but doubles at the other Fe atom of the primitive unit cell.
In this letter, we use an ab-initio approach to explicitly calculate the Tc values of LiFeAs, NaFeAs and FeSe at ambient pressure by taking into account the Rph and RSDW factors in the electron-phonon scattering mechanism to test whether the combination of the abnormal out-of-plane lattice vibration together with the AF effect could actually provide the experimentally observed high Tc values. We also model the pressure dependence of Tc by monitoring the AF exchange Hamiltonian as a function of pressure. Our Tc values are qualitatively consistent with the experimental values, suggesting to further explore the possibility of antiferromagnetically-assisted electron-phonon coupling as a possible superconducting mechanism in iron based superconductors.
As starting point, the electronic band diagram and density of states (DOS) of all compounds investigated in this letter are computed in the program package WIEN2k with the spinrestricted GGA-PBE functional [21] [22] [23] . The phonon data are calculated in finite displacement mode. The exchange correlation energy is compiled by the spin-unrestricted GGA-PBE functional [24] . The experimental lattice parameters are used [25, 26] . In this letter only Fe and As atoms are imported for the 111-type compounds. Due to length limitations, the results of these standard ab-initio calculations are included in the Supplementary Materials, while in this letter we focus on the effect of magnetically enhanced electron-phonon coupling.
To derive a superconducting transition temperature from the computed parameters, we use the McMillan Tc formula [27] . Due to the high transition temperatures, the electronphonon scattering matrix takes into account the full electronic DOS in range of F Debye EE 
to F E and not only the value at Fermi level. Here we consider the fact that Debye E represents the upper limit of the phonon energies that can be transferred to electrons, and at the high transition temperatures of Fe-based superconductors, contributions from high energy phonons become important in the electron-phonon scattering mechanism, as opposed to classical low-Tc superconductors. Although this approach is a simple consequence of the conservation of energy, it is supported by experiments: A shift of the spectral weight between the normal and the superconducting state is clearly visible in the photoemission spectra below the superconducting energy gap of various iron-based compounds in an energy range of ~30 -60 meV below the Fermi energy [28] [29] [30] . This energy range is approximately in the order of the Debye energy.
We define
based on the ratio of the electron-phonon scattering matrix   
A critical parameter in any ab-initio approach is the value of the Coulomb pseudopotential . Figure 2 estimates the error of the theoretical Tc by tuning . Despite the calculation of  as a function of Debye temperature and Fermi level [31] may not be very accurate in such a strongly correlated electron system [32] , the µ value between 0.1 and 0.2 probably makes sense. The error of our Tc calculation due to the uncertainty of µ is within ~15%. In this letter we choose the mean value (µ=0.15) of the Coulomb pseudopotential to calculate the Tc of LiFeAs, NaFeAs and FeSe to make a fair comparison. Our calculated µ-value of the uncompressed NaFeAs is 0.13. Figure 3a shows that our approach can generate the theoretical Tc values in an appropriate range. The ARPES data confirms that LiFeAs and FeSe require the use of the Rg factor, while the NaFeAs does not [29, 30, 33] . The theoretical Tc of NaFeAs at 0GPa and 2GPa are 14.2K and 15.9K, respectively [34] . The antiferromagnetically enhanced electron-phonon interaction on the Fermi surface and the AF exchange Hamiltonian compete in the compressed NaFeAs as illustrated in Figure 3b . We observe that the antiferromagnetism is slightly weaker at finite pressure, but the antiferromagnetically assisted electron-phonon coupling on the Fermi layer is increased almost linearly al low pressure. We show the steps to estimate the Tc of NaFeAs at 2GPa as an example. Our calculated value of the electron-phonon coupling on the Fermi surface of the uncompressed LiFeAs is ~0.1 [36] , but the magnetic amplification factors increase the pairing strength to 0.76, remarkably. The Debye temperature Debye T of LiFeAs remains at ~385K below 8GPa [37] . A reduction of the theoretical Tc is also observed in the compressed LiFeAs and is largely due to the weakening effect of Thus, we could show that when the conduction electrons interact with local Fe moments in Fe-based superconductors, the coexistence of superconductivity with local fluctuating antiferromagnetism [18] together with the abnormal lattice vibration [18] [19] [20] , which can lead to a 4-fold increase in the electron phonon coupling, as predicted by these earlier theoretical studies [18] [19] [20] , is sufficient to explain the high Tc values in an ab-initio approach based on the McMillan Tc formula. Our ab-initio approach can generate theoretical Tc values of NaFeAs, LiFeAs and FeSe close to the experimental values also depending on the applied pressure.
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